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“ INTRODUCTION

In :the period 1971 through 1976 about 310 miies (499 km) of
California Type 50 concrete median barrier (CMB) were built or
under construction. Virtually none of this New Jersey safety-
shaped barrier existed before that time in California. This
CMB design has been built extensively in a short time span because
of its good imﬁab%“$bfﬁoimdhcé,'ﬁis low construction and mainten-
ance costs., andrjjﬁwglgg§ﬁng appearance,

R Crleme L R e

Segte Sgd L

’M%%y:ﬁore hi]éiﬂgf_éﬁéﬁaﬁg ﬁ?anﬁ%ﬁl%dr construction in the next
few years. With all this activity centered on CMB, several
“construction alternatives have been proposed in recent years,
and a few have been subjected to vehicular impact tests (1, 2, 3,
4, 5)*. |

Amand“tﬁé’bdrﬁ?éks‘féfted by Caltrans were three precast CMB
dESigns(g). Originally, precast CMB was used in California as

~'a temporary barrier at construction sites for various purposes,
However, in the abOVe'research'study(i) on precast CMB it was
desired to find a design that could be used both as a temporary
and a permanent barrier. It was concluded that all three of the
des-igns:, which featured'freestanding'segments connected at each

~end with pins placed through embedded hooks, lacked the strength
and stability of continuous cast-in-place or slipformed CMB. It
was recommended that designs of this type only be used as temporary
barriers where impact conditions were expected to be moderate such
as impact speed/angies of 40 mph/20° (18 m/s/0.35 rad) to 60 mph/
13° (27 m/s/0.23 rad). Precast CMB used as a permanent barrier
would need anchorage to the ground and stronger joints.

- Following the.above study the Caltrans Headquarters Value Engineer-
ing'Branch performed an analysis of precast CMB designs used by

*Numbers in parenthéses refer to a referance list at the end of
this report.
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other states ihcldding'sohé'wﬁich had been subjected to vehicular
impact tests by other agencies(6, 7, 8, 9). They synthesized a

new precast CMB design incorporating some of the best elements of
other designs. It was hoped that this design, termed the Type 50V,
would be satisfactory for both temporary and permanent ﬁse.

Short tengths of the CMB Type SOV were built as trial 1nsta]1at1ons
on three jobs. A description of one of those installations on
Route 17 in District 04 is contained in the Appendix.

During the time that trial instailations were being erected; plans
were being made to conduct vehicular impact tests on the new design.
Tests were planned on both temporary and permanent vériations of the
CMB Type 50V design.

The benefits anticipated from use of.the CMB Type 50V désign,
assuming successful tests, were as follows:

Equal or lower costs than the California standard Temporary
Railing Type K when used on a voluiie basis, bécause of its
reuse as a permanent barrier. |

* Annual cost sav1ngs of $300 000 if 50,000 I1nea] feet (]5 km)
of CMB Type 50V annually were used as a temporary barrier and
reused as a permanent barrier.

Improved portabiiity due to the suggested segment length of
12.5 ft (3.81 m) compared with a Tength of 20 ft (6.1 m) for
Type K rail.

“Improved performance in redirection of impacting vehicles
and better strength and stability to resist vehicle penetra-
tions as compared with the Type K rail.

vww . fastio.com
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¥ ‘Dééreased time to full servicé of ‘permanent CMB Type 50V on
a gfout'pad since cast-in-place and slipformed CMB needs time
to gain strength. C

* Improvéd ‘safety at some jobsites where the ease of installa-
~ tibn of CMB Type 50V would minimize traffic delay and expo-
sure of workers. ' '
"This report describés two vehicular impact tests on CMB Type 50V
and ‘evaluates the effectiveness of this new design.

‘parafieters for the tests were as follows:

) N Impact Impact
Test | Base Cable ' Vehicle Velocity Angle

No. Support Tension (1bs) Wt.(1bs) (mph) - (degrees)
331" Expanded 17,640 & - 4680 63 25

- Polystyrene 14,780

pads

332 Grout pad. . , 4,880, . 4600 60 25

) AN ST S O e PR B

e e T

oy

y o

“1b foFce o445 Ny

‘Métric iconversionst 1
T 71 1b mass *=-0.454 kg;
“1"mph = 0.447 m/s;
1 deg = 0.0175 rad
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The following conclusions were based on the results of twouvehicular
impact tests conducted to determine the_structural strength and
stability of the Type 50V precéét CMB design. The barriers were
compdsed of nominally reinforced 12.5 ft (3.81 m) segmehts having
corrugated shear key ends and strung on an unbonded tensioned cable

running continuously through the lower portion of the barrier.

Test 331: 4680 1b vehicie/63 mph/25°
{2120 kg vehicle/28 m/s/0.44 rad)

This test barrier placed on a cdntinuous expanded polystyrene pad
representing a temporary barrier installation was judged to be
structurally inadequate and unstable for the following reasons:

A lateral barrier def}ectidn‘of 27 inches (0.69 m) caused
the test vehicle to become airborne and straddle the top of
the barrier following jnitial impact.

Extensive concrete spalling occurred at the corners of the
barrier segments.

The continuous expanded: polystyrene pads used tp-provide base
restraint did little to prevent barrier movement. '

Even thoﬁgh the tensioned cabie absorbed an added average'
1oad of 9400 1bs (41.8 kN) during impact, it did not prevent

barrier movement.

fest 332: 4600 1b vehicle/60 mph/ 25°
(2090 kg vehicle/27 m/s/0.44 rad)

ClihPDF - www .fastio.com
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féﬂfegfhbaffier:pﬁacéd on a grout bed With the continuous cable
anchorage "Wrench" tight to simulate a recently installed experi-

'Makimum ]aieréT‘deFIection of 28 1/2 inches (0.72 m) occurred
during impact,

 fhe_§ehic1énfﬁdject8ry also probab]y would have beep hazardous,
similar to Test 331, if the test vehicle had not run over the
cable guidance Post prior to impact, causing the vehicle to
roll toward the barrier, |

There was poor-bonding between the grout bed and the bottom
" of the test barrier, The grout bed as designed ang built was

lateral movement,

=L X o " ‘|:". 4 ! ‘« a‘ 3 ds,

*  The tensioned cable did not significant]y help to restrain
tﬁe'bérﬁ@@ﬁ against Tateral movement,

=
R
5. S

Recommendations

F

‘- Precast‘CMB deSiéns, including the Type 50V, are not recom-
‘mendéd for yse in a Permanent or interim installation where
‘seveférimpact conditions'-f4sdo 1b vehicle (2040 kg)/60 mph

(27 m/s)/25° (0,44 rad) - are likely to occur unless totally
restrained against lateral movement at the base.

inc?uding the Type 50V, used as a temporary barrier on
construction“and maintenance Projects should be 20 feet
(6.1 m) unless totally restrained at the base.

6
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* Additional base restraint 1is needed on the existing Type 50V

barrier on Route 17 in Santa Cruz County, 75 miles (121 km )
south of San Francisco to prevent excessive Tateral movements.
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“"IMPLEMENTATION

Soon after the second test in this project it was recommended that
additional lateral restraint be provided to the existing Type 50V
CMB on Route 17 in Santa Cruz County. However, subsequently,
additional impacts caused further movement and damage to the
barrier. Therefore it was decided to replace the precast design
with a continuous CMB, despite the higher cost of this alternative.

ChihPDF - www.fastio.com
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Expanded polystyrene pads used for Test 331 were Taid on the swept
pavement in positfon and the segments weke set down lightly on top
of them, Figure 3. The expanded polystyrene proved awkward to
handle in the breeze and broke easily. Expanded polystyrene was
used because another state had used short sections of it under the
joints of precast CMB for temporary installations, The short
sections of expanded polystyrene used by others compressed under
the weight of the CMB segments and provided an improved interlock
between the CMB and pavement surfaces, |

Grout pads used for Test 332 Were constructed in the same manner
as those for the field installation described in the Appendix in
an attempt to exactly simulate that barrier. The grout was mixed
in a small mixer and placed in steel forms two or three barrier
lengths ahead of the segments'being placed, Figure 4. The AC
pavement was swept but not wet down before placement of the grout,
~The grout was fairly stiffﬂgn@ £$ noted by post test observations
~did not sTump enough to;iﬁ%%eéégécﬂiyéi6ontéét over the complete
bottom area of all barrie? segﬁents. No leveling blocks were
used to control segment'height above ground,

As the segments were being‘placed, a cable was threaded through
them, Figure 5. Swaged fittings with threaded stubs were attached
to the cable ends, Figure 6. Two lengths of cable were used and
spiiced at mid-length as described in the Appendix in the section
on electronic instrumentation. Steel bearing plates and nuts

were used to tension the cables. The tightening was done with a
large crescent wrench, Figure 5. For Test 331 a Tong steel pipe
was used over the wrench to .increase Teverage. Considerable effort
was required by two husky workers to reach the final cable tension.
For Test 332 the cable was tensioned using the wrench without a
Pipe extension. It was tightened only to the point where extra
effort was needed which simulated the tensioning method used for
the field installation,

11
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Figure 3. Laying
Down Expanded Poly-
styrene Pad, Test
331.

Figure 4. Grout Bed
_ o e , ' . Construction, Test

Figure 5. Cable
Threaded Through

Barrier Segment.

v

Fiqure 6. Threaded
Stud, Nut, and Bear-
ing Plate.

I
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COncrete, expanded po]ystyrene,pads, grout, cables, and welded
wire fabric s contained jp the Appendix, Table 14,

Was used. For Test 332 3 1970 Ford Mercury Monterey Sedan Weighing
4600 1bs (2090 kg) was used. The vehicle Weights includeg on-board
instrumentation and one dummy , Both vVehicles were in good condition,
free of body damage and missing structural parts.

Both vehicles were se?f-prope]]ed. Guidance was achieved witp an
anchored cable, No constraints Were placed on the steering wheel,

‘had impactgd the bﬁrrier:and estab]ished'a-post impact trajectory.
Details abouyt the vehi;le_equ1pment are contained inp the Appendix,

13
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~An anthropomorphic dummy with accelerometers mounted in its head
cavity was placed in the driver's seat to obtain motion and
deceleration data. The dummy, Sierra Stan, Model P/N 292-850,
manufactured by the Sierra Engineering Companys, is @ 50th percenti]e

male weighing 165 1bs (75 kg). The dummy wWas restrained with a
standard 1ap belt during the tests.

~ Accelerometers were also mounted on the floorboard of the test
vehicles. Deceleration data were-co11ected to judge impact
severity and to evaluate vehicle occupant injury tolerances.

Houston Position Transducers were used to measure lateral movement
and tilting of the first barrier segment jmpacted by the test '
vehicle. Load: cells were placed at the end of the test barrier
.on.the cable to measure the loads during tensioning and load
increases during- the vehicular impacts..

The Appendix contains a detai]ed.description of:- photographic
equipment and data collection techniques; electronic instrumentation
and data‘reduction methods; and.instrumentation records.

Test Results .-
1. Test 331: s 4680 1b"vehicle/63 mph/ 25 degrees
. (2120 kg vehicle/28 m/s/0.44 rad)

A barrier deflection profi1e.'te§t‘photbs,'and a gsummary of test
data are contained in Figures 7 through 12.

a. Impact-Descriptigg - Initial impact with the barrier
occurred 5.5 i (1.7 m) upstream of joint 5. The vehicle rode up
the barrier face and became airborne. Primary barvier contact was
13.3 feet (4.06 m}. As the vehiclie ascended, it yawed clockwise
and rolled away fFrom the barrier to -a maximum of 32° (0.56 rad).

. Due to the large barrier deflection, there was no npackslap" of

14
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the left rear fender of the vehic1e with the barrier. Iﬁstead
the left rear wheel of the vehicle climbed up segment 6 and

rose above the barrier. The vehicle continued to yaw clockwise.
While the vehicle yawed, it was traveling airborne over the top
of the barrier and eventually three wheels were positioned beyond
the backside of the barrier. Airborne distance was about 62 ft
(19 m) and maximum rise was 6.2 feet (1.9 m). The vehicle
lightly scraped the last few feet of the barrier and landed about
25 ft (7.6 m) beyond the downstream end of it at a yaw angle of
about 60° (1.1 rad). Had the test barrier been longer, the
vehicle could easily have toppled over it into the opposing
traffic roadway. After landing, the vehicle straightened out
s1ightly and s1id/rolled to a stop 136 feet (42 m) beyond the

end of the barrier, Figure 20.

b. Barrier Movement and Damage - Four barrier segments
were displaced laterally during impact. Maximum defiection of 27
inches (0.69 m) occurred at joint 5, the first joint downstream
from the poiht of impact, Figure 7. Analysis of the high speed
film data revealed the barrier segments tilted back less than 6°
(0.11 rad) during impact. The barrier deflection data in Figure
12A which are reliable for the initial portion of the impact
confirm that there was minimal tilting.

Due to the large deflections and the tight fitting joints there
was considerable spalling of the concrete at the corners of the
segments, Figures 8 and 9. Figure 10 shows the damage and scuff
marks on the barrier where primary vehicle contact occurred.

The upstream and downstream sections of cable which was spliced

at mid-length had an increase in load of 10,000 1bs (44.5 kN)

and 8,800 1bs (39.2 kN) respectively as they stretched into the
deflected barrier profile. Load data is contained in Figure 14A
in the Appendix. The reason for the load differences in the cable
is contained in the Appendix under Electronic Instrumentation.

15
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‘”THé“bﬁF??éerEgﬁéﬁ£§'Whidh"mo&édhfﬁterai]y slid over the top of
the expanded polystyrene pads, a]thougﬁ some portions of the pads
stayed under the barrier and slid across the pavement.

C. Vehicle Damage - Moderately severe crushing was
sustained at the left front bhmper and quarter panel and extended
back to the left front door, Figure 11. There was virtually no

“ other apparent damage around the remaining perimeter of the
vehicle. No intrusion of vehicle or barrier parts into the
passenger compartment occurred during the test. Damage measure-
ment according to the Traffic Accident Scaje (TAD)(9) was LFQ-5
and to the Vehicle Damage Index (VDI)(lQ) was TOLFEW3.

d. Dummy Behavior - A lap belt restraint was provided
for the dummy. During impact the dummy slammed into the car door.
Its head appeared to rap the door po§t sharply at that time and
again when the car landed after being airborne. Apart from this
vigorous bouncing, there did not appear to be any other damage
to- the dummy. Accelerometer and lTap belt load data from the
dummy are included in the Appendix, Figures 9A and 11A.
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Figure 7, Permanent Lateral Displacement
- of Barrier‘Joints, inches

. TEST 331
- 4680 1bg/63 mph/25e¢

Metric Conversiong

1ft= 0.305 q
1 in =" 25.4 mm
L mph = 0.447 nyg
1 deg = 0.0175 rag
1 1b mass =g, 454 kg

No Scale
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Movement (impact side)

Figure g, Barrier pamage and
at Joints 3» 4, 5, 6 and 7, Test 331.
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Fmguﬁe 17.

Figure 18.

Primary

Vehicle Damage, Test 332.
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Discussion of Test Results

Safety performance of the precast CMB designs which were tested
can be judged by comparison with three appraisal factors. These
are defined in NCHRP Report 153, "Recommended Procedures for
Vehicle Crash Testing of Highway Abpu?teﬁances“(lg)i The factors
are (1) structural adequacy, .(2) impaét severity, and (3) vehicle
trajectory; they are discussed in. the following three sections of
the report,

Table 1 summarizes data from ail the known vehicular impact tests
by Caltrans and other agencies on precast CMB designs. This data
can also be used on a relative basis for judging the safety per-
formance of the CMB designs used in Tests 331 and 332.

1. Structural Adequacy

The CMB designs checked in Tests 331 and 332 met Part B of the
NCHRP Report 153 criteria on structural adequacy:

“B. The test article shall not pocket or snag the
vehicle causing abrupt deceleration or spinout
or.shall not cause the vehicle to rollover. The
vehicle shall remain upright during and after
impact although moderate roll and pitching is
acceptable., The integrity of passenger compart-
ment must be maintained. There shall be no loose
elements, fragments, or other debris that could
penetrate the passenger compartment or present
undue hazard to other traffic."

However, the CMB barrier segments did deflect excessively, or
"pocket", in both tests to such an extent that they caused other

serious problems, These problems relate to Part A of the NCHRP
Report 153 criteria on structural adequacy which states:

31
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"A. The test article sha]] redirect the veh1c1e, hence,
the vehicle shall not penetrate or vault over the
1nsta1]at1on.“ .

In Test 331 the large barrier deflection caused the vehicle to
become airborne on a hazardous trajectory over the top of the
barrier. If the barrier had been longer, the vehicle easily
might have toppled over the backside of the barrier or rolled
over. In Reference 4 more weight was given to tilting of the
barrier segments than to lateral deflection as the cause of
vehicle vaulting. Due to the low tilt angle of under 6° (0.11 rad)
in Test 331 and a lateral deflection more than that in a similar
previous Caltrans test, Test 292(4), it now appears that large
lateral deflection alone can be a primary cause of vehicle vault-
ing in severe impact tests. This negates any possible benefits
claimed in the form of reduced vehicle decelerations caused by
barrier deflection for this type of barrier. It should be noted
that differences in vehicle suspensions and crushability also

may affect vehicle vaulting tendencies during CMB impacts.

Large barrier deflections are also frequently undesirable where
precast CMB is used close to new bridge falsework, the edge of a
bridge deck, or in a narrow median.

In Test 332 the maximum barrier deflection was an inch more than
in Test 331 but the vehicle was redirected in a less hazardous
manner than in Test 331. Had the test vehicle not gone over the
cable guidance post in Test 332, causing it to roll toward the
barrier, it is speculated that the vehicle trajectory might have
been similar to that in Test 331.
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It EEHQbéen hbpéd-thét'theQSIresged'caBIEaand corrugated end

shear kéjs featured in the .barriers for Tests 331 and 332 would

help minimize barrier movement. Comparison of Tests 331 and 332
with the other tests in Table 1 shows that other designs have been
more effective: No freestanding designs or barriers set on expanded
polystyrene pads (temporary barrier designs) have approached the
performance of continuous CMB which typically is undamaged and
unmoved after l"st:r'eng't-h test" impacts.,

The ‘only bfecast cMB deﬁigﬁé thch_had no lateral movement when
impacted were those used for Tests WCB-1, CMB-20 (SwRI) and CMB-1
(TTI), Table 1, as "permanent"” CMB designs. These designs included
barrier segment lengths of 20 or 30 feet (6.1 or 9.2 m), and a
positive CMB base restraint conﬁisting of a grout bed underneath
the barrier or an aspha]t concrete overlay against the back side

0f the barrier. '

The helpfulness 6f a good bise restraint in precast CMB design

was recognized in reference 4 which descr1bes the initial Caltrans
tests on precast CMB. It was thought that the CMB Type 50V design
with the corrugated shear kéy and cable tie plus an expanded poly-
styrene base or grout pad would be sufficient. These combined
features proved jnadequate.

In Test 331 a continuous expanded po]ysty?ene pad was used to
provide continuous base restraint. This was intended to reduce

the influence of bending'in:the horizonta] plane had the barrier
segments been placed on short expaﬁded polystyrene pads at the
joints only, and thus, "simply supported". Unfortunately the
expanded polystyrene was dense enough that, when used continuously,
it compressed a very small amount. This prevented any kind of
effective interiock between the expanded polystyrene surfaces, and
the pavement and barrier surfaces., Had the expanded polystyrene
been less dense and compressed more, it is still doubtful that this
would have prevented barrier movement, although it might have been
reduced somewhat.

34
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Due to the Targe deflections of fhe’barrier in Test 3371, concern
arose about the Permanent installation of CMB Type 50V -desceribed
in the Appendix. That .barrier was set on a grout bed. 'Therefore,
it was decided that the Permanent design scheduled for examination
in Test 332 be an exact replica of the field installation, Again
it was hoped that the combined features of joint design and base
restraint would minimize barrier movement,

The deflection in Test 332 was almost identical to that in Test
331; therefore, even the grout bed provided insufficient base
restraint, Unfortunately, the grout bed design ysed for the
field installation, and hence, for the test barrier, was not
optimal, The Pavement was not wet down prior to placement of
the grout bed, the grout was quite stiff and Prevented complete
grout bed to barrier surface contact, and there were no designed
keyways, other than serrations on the bottoms of the segments, in
the barrier segments or pavement. It Was acknowledged that a
keyed grout bed design with tighter construction controls and
Tonger barrier Segments might have been more successfyl,

About the time Test 332 was conducted, it was learned that the
Permanent field installation hag been hit several times and moved
a few inches off jtg grout bed. As a resylt of this and Test 332,
the field installation will be replaced with a continuous CMB,

were not the same. Since the cable, unlike a reinforcing bar, is-
not a composite part of the barrier, it does not resist any load
until -it binds against the wall of its void in the barrier and
even this effect woyid be smali. Such binding does not occur
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until after the hr%iér Has5i%if%511y'def1ected; The small
prestra&sing ﬁorcﬁginduced,into the concnetg»of the test barriers,
4Q;ps$_(21§ kRaJ.JQr”fésthammandglzTpsﬁ;LBB]kPa) for Test 332, was
nbﬁ»large_enodgh-to*resist later&waarrier movement. It is doubtful
that any additional prestress of the one cable would have had a

.significant effect on the performahce of the barrier.

A prestressing'force larger than about 50 psi (345 kPa) would
require special prestressing equipment which would increase
installation.costs. Other potential.probliems associated with the
cable include the difficulty of removing damaged barrier segments,
specifying correct cable lengths for each Jjob, excessive cable
stretch between cable ties, and determining the amount of temnsion
in each cable for each field installation. These drawbacks became
more apparent as the project progressed. Overall the unbonded
tensioned cables do not seem to be useful structural elements for
precast CMB. -

It should be noted that in both Tests 331 and 332 there was
extensive spalling of the corners of the barrier segments which
def]ectedw--A1so,.a f]éxural failure occurred near the middle of
the first barrier segment hit during Test 332. These segments

would all need to be replaced. This represents less than desirable

structural‘adequacy‘when compared with the performance of continuous
CMB which is typically undamaged in severe impact tests.

In comparing all the tests described in Table 1 it was concluded
that resistance.to the movement of precést CMB could best be pro-
vided with a good base restraint. Barrier segments as long and
heavy as possible would enhance this resistance. Without these

two factors, none of the joint designs tested to date are effective
jn resisting movement. It appears at this time that any joint
design which provides adequate moment resistance to prevent

barrier movement and localized spalling failures would be too

expensive. However, low cost positive joint connections still
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seem desirable to limit barrier deflection, to prevent vehicle
penetration, and to add to the overall strength of the barrier.

Due to the various deficiencies in the CMB Type 50V design
described above, it was concluded that the design was structurally
inadequate when judged by the standards of NCHRP Report 153.
Furthermore, there are other tested precast CMB designs or varia-
tions of those designs which would perform better than the CMB

Type 50V. = - e

It is possible, however, that the CMB Type 50V design like some
other precast CMB designs may perform fairly well when subjected
to the more prevalent moderate severity impacts expected along
highways.

2. Impact Severity

In NCHRP Report 153A, the impact severity criteria for longitudinal
barriers apply only to vehicle impact angles of 15° (0.26 rad) or
Tess. The criteria refer to vehicular deceleration values as a
measure of the probable severity of passenger injuries. The
recommended deceleration limits are as follows:

"A. Where test article functions by redirecting vehicle,
maximum vehicle acceleration {50 ms avg) measured
near the center of mass should be less than the
following values:

Maximum Vehicle Accelerations (g's)*

Lateral Longitudinal Total Remarks
3 5 6 Preferred
5 10 12 Acceptable"

*1 6 = 9.82 m/s2

These limits represent a threshold beyond which disabling injury
or fatality may be expected. The "preferred” levels assume no

seat belt restraints and the "acceptable" levels assume lap belt

restraints but no shoulder belt restraints.

il
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K& point of.ﬁhteféét, the deceleration levels for the 25° (.44

rad) angle impacts in Tests 331 and 332 can be compared with the
above table. The Tateral decelerations were 5.0 and 9.0 G's (49
and 88 m/sz) respectively and the longitudinal decelerations were
4.5 and 4.9 G's (44 and 48 m/sz) respectively. The longitudinal
read1ngs were in the "preferred" range, but the Tateral readings
were at or over the upper limit of the "acceptable" range. These
decelerat1on va]ues wou]d not be considered unusual for severe
1mpacts w1th precast CMB, .with reference to Table 1. The vehicle
dece]eratlon versus time traces for Tests 331 and 332 are contained
in the Appendix as Figures 7A and 8A. These charts show that the
deceleration pulses resulting from a secondary impact of the rear
of the vehicles with the barrier are similar in intensity to the
initial pulses._

Use of a dummy is considered optional in NCHRP Report 153. An
anthropomorbhic dummy was used in both tests, and the electronic
data from them is included as a further indication of impact
severity. Deceleration versus time traces for accelerometers
mounted in the head cavity of the dummy are included in the
Appendix as Figures 9A and 10A. Lap belt load versus time traces
are also contained in the Appendix as Figure 1TA. None of the lap’
belt loads exceeded the 5,000 1b (22.3 kN) limit specified by
Federal Motor Vehicle Safety Standard 208 which is a guideline
cited in NCHRP Report 153. It is unc]ear‘why the maximum lap
belt load in Test 332 was so much higher than that for Test 331.
This may be due simply to the peculiarities of the vehicle
trajectories.

38
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5. Vehisle Tréjectory

NCHRP Report 153 states:

"A, After impact, the vehicle trajectory and final
stopping position shall intrude a minimum distance
into adjacent traffic Tanes."

- The text adds, "A sub3ect1ve appra1sa1 shall be made by the test
engineer as to the traJectory hazarﬂ“ based on vehicle exit speed
. and angie, maximum 1ntrus10n 1nt0 a traffic Tane or 1anes during

trajectory, and post crash contro]lab1]1ty.

This appraisal factor was cavered in the section on Structural
Adequacy. In summary, the vehic]eutrajeCtory for Test 331 was
judged unacceptable., That for Test 332 was relatively good;
however, it might have been simi]af to the one in Test 331 had
the vehicle not run over a vehicle'éuidance system knockoff post.
Table 1 and Figures 12 and 19 provide data on the vehicle trajectory.
Figures 20 and 21 show the post test trajectories for the two
vehicles. o ‘ "

Figure 20, Post Impact Vehicle Trajectory, Test 331

39

ClihPDF - www .fastio.com


http://www.fastio.com/

ClihPD nylastio.com


http://www.fastio.com/

ClibhPDF -

REFERENCES

1. Nordlin, E. F., R. N. Field, and J. R. Stoker, "Dynamic
Tests of Concrete Median Barrier, Series XVI", Report No.
636392-2, California Division of Highways, August 1967 (or
Highway Research Record 222, 1968, pp 53-89).

2. Nordlin, E. F., et al, "Dynamic Tests of Prestressed Concrete
Median Barrier Type 50, Series XXVI", Report No. CA-HY-MR-6588~1-
73-06, California Division of Highways, March 1973.

3. Nordlin, E. F., et al, "Dynamic Test of a Slipformed Concrete
Barrier Type 50 Placed Over Existing Cable Barrier", Report No.
CA-DOT-TL-6696-1-74-36, California Department of Transportation,
December 1974.

4, Parks, D. M., et al, "Vehicular Crash Tests of Unanchored
Safety-Shaped Precast Concrete Median Barriers With Pinned End.
Connections", Report No. CA-DOT-TL-6624-1-76-52, California
Department of Transportation, August 1976.

5, Parks, D. M., et al, "Vehicular Crash Test of a Continuous
Concrete Median Barrier Without a Footing”, Report No. FHWA-CA-
TL-6883-77-22, California Department of Transportation, June 1977.

6. Bronstad, M. E., L. R. Calcote, and C. E. Kimball, "Concrete
Median Barrier Research, Volume 2 Research Report", Southwest
Research Institute, Report 03-3716, Report No. FHWA-RD-77-4,
March 1976.

7. Bronstad, M. E. and C. E. Kimball, "Crash Test Evaluation

of a Precast Interlocked Median Barrier", Southwest Research
Institute, Report No. 03-3777-002, August 1974,

41

www . fastio.com


http://www.fastio.com/

8. Bronstad, M. E. and E. 0. Wiles, "Crash Test Evaluation of
an Improved Precast Interlocked Median Barrier", Southwest Research
Institute, Report No. 03-4088-006, June 1975.

9. " Hirsch, T. J., et al, "Crash Test and Evaluation of a
Precast Concrete Median Barrier", Texas Transportation Institute,
January 1976. ' '

10;'¥§f6n5tad, M. .E. and J. D. Michie, "Recommended Procedures
for Vehicle Crash Testing of Highway Appurtenances", NCHRP
Report 153. ‘ cot T

11. "Separateur Central En Beton", National Institute for Road
Safety. LaVerriere, France.

1

pes

ChhPDF - wvw fastio.com


http://www.fastio.com/

wa TN
< 3 .
] ’ . o Tera e e .
2 » ) .
you -
»
-
~
o *
43 4 W ¢ al
P .
N [V -
s W et
Lt Lo - * L
3 .
- v
' B
~
>

43

ClihPDF - www .fastio.com

nt



http://www.fastio.com/

" APPENDIX

Test Vehic]e-Equipment and Guidance System

Vehicle modifications and the guidance system used for these
tests are itemized as follows:

1.  The test vehicle gas tank was disconnected from the fuel
supply line and drained. Shortly before the test, dry ice was
placed in the tank. A one-gallon (3.79 1) safety gas tank was
installed in the trunk compartment and connected to the fuel
supply tine.

R Sl . . R =
e Eil e, -

Zﬁ' “Two" 12 volt wet cel] automot1ve type storage batteries were
mounted on. the’ f]oor of the rear seat compartment to supply power
for the ‘remote “cont¥ol equipment=in Test 331. The power supply

. was modified in Test 332 to use two 12-volt wet cell motorcycle
type storage batteries which were mounted in the trunk.

3. A solenoid-valve actuated CO2 system was connected to the
brake Tine for remote braking. With 700 psi (4.83 MPa) in the
accumulator tank, the brakes could be locked in less than 100

milliseconds after activation. Brakes were actijvated by remote
control.

4. The ignition system was connected to the‘brake relay in a
failsafe interlock system. When the brake system was activated,
the vehicle ignition was switched off.

5. A micro switch was mounted below the front bumper and con-
“nected to the ignition system. A trip line installed near impact

~triggered the switch, thus opening the ignition circuit and
cutting the vehicle motor prior to impact.
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6. The accelerator pedal was linked to a small electric motor
which, when act1vated, opened the throttle. The motor was acti-
vated by a manualily thrown switch mounted on the top of the rear
fender of the test vehicle.

7. A cable guidance system was used to direct the vehicle into
the barrier, The guidance cable, anchored at each end of the
vehicle path passed through a slipbase guide bracket, Figure 1A,
bolted to the spindle of the right front wheel of the vehicie.

A steel angle bracket, Figure 2A, anchoring the end of the cable
closest to the barrier to a concrete footing, projected high
enough to knock off the guide bracket, thereby releasing the
vehicle from the gu1dance cab]e prior to impact.

Tk

2

Figure 1A, Slipbase Guide Bracket Used for Test 331

The remote brakes were controlled at the console trailer,
gure 3A, by using an instrumentation cable connected between
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%ﬁé'VEHiETé dﬁd'fhe'é]éctroﬁic instrumentation trailer, and a
‘cable from that trailer to the console trailer. Any loss of
continuity in these cables caused an automatic activation of
the brakes.

":Figuré1?ﬁ,;§@ééfwkhotkoff Bracket
9. A spéed.thffbifdévige.connected-between the negative side
of the coil anditheﬂshf%eryfdf‘the'vehicle regulated the speed

of the testfvehtc]e based"on;ehgihe revolutions per minute. This
device was 6aTi6fated*perr to the test by conducting a series of
trial runs through a speed trap composed of two tapeswitches set
a known distance apart connected to a8 digital timer.

[

ClibPD www . fastio.com


http://www.fastio.com/

Figure 3A. CAMERA LAYOUT>

@®
|
Instrumen-
tation Control 100! 185"
Trailer Console : PRECAST TYPE 50V CMB
[:::::] Mounted on
" E; 30° 37.5" 31" f::?f; 50" |
251 ' ; . l
b ' 5 [ 1 T JCD®®| ! I T I ] e @
@ 'y @ @
| 100" 25° | | |
~ 3 200'+
130" Test Vehicle
1
@20
CAMERA DATA1
: @D@@ Photo-Sonics Model 16mm—1B; 13mm.léns, (300-350) Fps?
@ Photqfsdniés Model lem-lB, 2"Jlgﬁs, 200 fps
(® Photo- Sonics Model lémm-1B, 2" lens, (300~350) £fps
C) Photo—Sonlcs Model lem—lB, 5.3mm lens, 200 fps; mounted
1nSLde vehicle
() Redlake Locam 16mm, 12/120mm lens, 500 fps, pan
_ Bolex, 1" lens, 24 fps, pan
(® Photo-Sonics Model 16mm—1B, 4" lens, (300-350) £ps
@9 © Redlake Locam lémm, 4" lens, 500 fps '
- @) 70mm Hulcher, 12" lens, 20 fps, seguence camera
@? 35mm Hulcher, 50mm lens, 20 fps, sequence camera

i. All cameras mounted on tripods.

2, Frames per second.
3. 1 in.= 25.4mm; 1 ft.= 0.305m; 1 deg.= 0.0175 rad.
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Data film was obtained by using seven high speed Photo-Sonics
Model 16 mm~1B cameras, 200-400 frames per second (fps) and two

" high speed Redlake Locam cameras, 500 fps. These cameras were
located around the barriers as shown in Figure 3A, Camera Layout.

All cameras. were e]eétrica]]y actuated from a central control
console, Figure 3A.

A1l cameras were equipped'with timing 1ighf generators which
exposed reddish timing pips on the film at a rate of 1000 per
second. The pips were usedfto determine camera frame rates and
to establish time-sequence relationships. Additional coverage
of the impacts was obtdiﬁéd by a 70 mm Hulcher sequence camera
and a 35 mm Hulcher sequence camera (both operating at 20 frames
per second}. Documentary coverage of the tests consisted of
normal speed movies and still photographs taken before, during,
and after each impact. Data from the high speed movies was
reducéd'on a Vanguard Motion Analyzer, Figure 4A.

Figﬂfef4A; Vanguarddﬂbtﬁbﬁ;ﬁnalyzer

- 48
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‘Some procedures used Yo facilitate data reduction for the test

are listed as/follows:™ "™ = "
1. Targets were attached to the vehicle body and to the barrier.

2. Flashbulbs, mounted on the test vehicle, were electronically
flashed to establish {a) initial vehicle/barrier contact and (b)
the application of the vehicle's brakes., The impact flashbulbs
have a delay of several milliseconds before lighting up. '

3. Five tape switches, placed at 10 foot (3.0 m) intervals,
were attached to the ground perpendicular to the path of the
jmpacting vehicle beginning about 7 feet (2.1 m) from impact,
Figure 5A. Flashbulbs were activated sequentially when the tires
of the test vehicle rolled over the tape switches. The flashbulb
stand was placed in view of all the data cameras and was used to
correlate the cameras with the impact events.

Electronic Instrumentation and Data

Data from all transducers in the test vehicle were transmitted
through a 1000 foot Belden #8776 umbilical cable connecting the
vehicle to a fourteen channel Hewlett Packard 3924C magnetic tape
recording system. This recording system was mounted in an
instrumentation trailer located in the test control area.

Figure 6A shows the locations of all transducers mounted in the
test vehicles. A total of four Statham accelerometers, of the
unbonded strain gage type, and three Endevco Model 2262-200 piezo-
resistive accelerometers were used for deceleratioin measurements.
Three were mounted in the head cavity of the anthropomorphic dummy.
The other accelerometers were mounted on the floorboard of the

test vehicle., One seat belt transducer was installed on the
dummy's lap belt for each test. |
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Flgure 5A é“ARmER INSTRUMENTATION

o

Houston Deflection T Ty e
Potentiometers B
) o 4”'_ Loadcell
Load cell Cable tie 3 1wre
(——l——-—-—-—%—-—v"l—-—--—--l— —l—————-—i—--—-—-—l— -—-L—-—i—‘-—
Pretoad=17,4601bs . t voint Preload =14,7801bs
Two Speed trop tupesmichas .~ lmpact poin
Ignition cut-off frlplme
- . _- : TEST 33|

Vehicle approach )

line

Ho'uston Deflection
Potenhomefers

(e AT

/9-"2) IWRC {continuous)
S —— E——— - —l——\——l———-i———-—i——‘—-—l—~——|——-—!-———|
Preload= 6,140 1bs

Impact point:

Two speed trap topeswitches
lgnition cut-off tripline

L3
Vehicle approach : .
line

TEST 332

NOTES:

Measurements from impact point token at base of barrier

2. Houston Deflection Potentiometers W located 6" down from top ond 24" up from bottom of
_ barrier at each location.

3. Load cells monitored load in cable during test.

&, Vehicle appreach line was the intended path for the faft wheels of the test vehicle

5.

I in=25.4mm, lft. 0.305m; {deg.= gOI75rad
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Figure 6A, VEHICLE |

N“S""rRuﬁnENT.ATloN |

WwHEEL AXLES-————-;_‘
C R —
- \\‘\uésLB.ouMMY .
. (75 Kg) |
TRANSDUCE?,E"*Lj_ LONGITUDINAL
LOCATION o '
/ u/ : 1
L _ = N\ e
FRONT OF CAR
TEST 33! 64" (1.
(1.63m) yEHmLE C.G. _
_.TEST332 54" (1.37m)
TEST 331 - 1973 Dodge polara Sedan, 4680 1bs.
TEST 332 - 1970 Ford Mercury Monterey, 4600 1bs.
TESTS 331 & 332
CHQ%NEL TRANSDUCER LOCATION
: TYPE | SER.NO.
1 Accelerometer 590 C stan's Head(Dummy)Longitudinal-
2 " 591 | ¢C " " " Lateral
' 3 1029 c " " v Vertical
4 " 589 A Car Floor - Longitudinal
. 5 " 586 A " " Lateral
7 . AN9Z A " " Ag,Longitudinal
8 L 066 (A | " " "~ Lateral
9 Seat Belt 275 C Across Dummy's Lap
NOTE: Location A - is on a steel angle bracket welded to the floor
at the vehicle center of gravitys '
Locatjon C - is on the inside back of the head cavity of the
dummy unless otherwise noted.

Um!)l} -www fastio.com .
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(3.7 m) intervals jn the vehicle“qpproach Path as "eyept markers",
Figure 54, When activated by tﬁéftest'vehfole tfﬁes, these
Switches Produced sequential impulses wWhich were recorded with the
transdycer signals on the tape recorder. A time cycle was also
recorded on tape concurrentiy With the tapé Switch impulses, The

sSWitch fmpulseﬁ éqd timing ctycles, Two additional tape switches
were placed 12 fegt (3.7 m) apart near the barrjer specifica]ly to
- determine impact';peed of the vehicle on test day, Figure 54,

later the loads had dropped to 17,460 1ps (77.7.KkN) and 14,780 1ps
(65;8'kN) respectively, The loads were not equal because two

because only one continuoys cable was'p]aced through the barrier,
The initiaj] Toad was 6140 lbs (27.3 kNY. By test day two weeks
later the load had slipped to 483p 1bs (21.7 kN).
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After each test the tape recorder data was played back through a
Visicorder which produced an oscillographic trace (1ine) on paper
for each channel of the tape recorder. Each paper record contained
a curve of data representing one transducer, signals from the three
tape switches, and the time cycle markings. |

Longitudinal and lateral vehicle dece]ération records for each

. test are shown in Figures 7A and 8A. Deceleration responses of
the anthropomorphic dummy and the lap belt record for each test
are shown in Figures 9A through 11A.

Some of the accelerometer data records contained high frequency
spikes. This data was filtered at 100 Hertz with a Krohn-Hite
filter to facilitate data reduction. The smoother resultant
curves give a good representation of the overall deceleration of
the vehicle without significént]y altering the amplitude and time
values of the decé]eration pulse.

T.Records of the Houston Deflection Potentiometers and the load

“cells are shown on Figpres_]ZA through T4A.
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Figu re 74

VEHICLE ACCELERATION VS TIME .
LONGITUDINAL

54 AST TYP 0l MEDIAN BA
WITH TENSIONED CABLE
‘ SEGMENT/ BARRIER| CABLE TENSION,LBS.
TEST LENGTH,FT. ANCHORAGE BEFORE IMPACT
3/4" POLYSTYRENE
‘331 12.57123% PAD {CONTINUQUS) 16,210 (AVG)
332 12.5/125 " MORTAR BED 4,880
IMPACT ALL CHARTS FILTERED AT 100 HERTZ TEST 331
o : 4680 Ibs.
CH.4 83 tuph
. PRI BN : H 25°
T i
- HIGHEST 50MS. AVG.
. . . ”4.6(;'8 )
o ‘G - . = LT N Y S N AA...[\ /\ -~
-10 '
20
e [ - . 0100 0200 0300 0400
Lo ' TEST331
CHAT

ACCELERATION (G'S)

HIGHEST 50 MS. AVG:
4.4G'S

AN~
7w

-lo 1
-20 ' A
o Q.100 ©¢.200 0.300 0.400
; " ~
TEST 332
CH.4 4600 1bs.
60 mph
10 23%
msnestssmgss. AVG, 1
66
0= I AN . r~_ N PN N AN =
-\ N R~ A N 4 \/, AV — Ay \’V VNS
=10
=20
o 0,100 0.200 0.300 G.4900
TEST 332
CH. T
10 HIGHEST 30MS AVG.
436's
0 PN ™ - o j\ -~ N n ey
A~ T o
-10
-20
. o 0.too 0.200 0300 0.400

TIME AFTER IMPACT, (SECCNDS)
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- ACCELERATION, (G's)

Figure ga , VEHICLE ACCELERATION VS TIME

LATERAL
A YP T A

WITH TENSIONED CABLE o
WITH TENSIONED capl g
SEGMENT/ BARRIER] — ——— CABLE TENSION, 55
TEST LENGTH,FT. ANCHORAGE
34" POLYSTYRENE
PAD (CONTINUOUS)

IMPACT (ALL CHARTS FILTERED AT 100 HERTZ

TEST 33|

I
’
VIR
.

HIGHEST 50 M5. Ay,
8.7g"

0.200 0300 0.400
TIME AFTER IMPACT,-(SECONDSJ
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ACCELERATION, (G'S)

Figure 9A, DUMMY ACCELERATION VS TIME

TEST 331, 46801b. VEHICLE, 83 mph. 25°, LAP BELT

PRECAST TYPE 50V CONGRE TE MEDIAN BARRIER
WITH TENSIONED CABLE

IMPACT . HEAD-LONGlTUDINAL- UNFILTERED
199

HEAD-LATERAL- UNFILTERED

HIGHEST 50 MS. AVG.
RESULTANT HEAD
DECELERATION® 24.2 65

’////4‘,/ i L i

TIME AFTER IMPACT. (SECONDS)
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Figure IOA, DUMMY ACCELERATION VS_TIME

TEST 332, 4600Ib, VEHICLE. 60 mph, 25°, LAP BELT

PRECAST TYPE 50V CONGRETE MEDIAN BARRIER
WITH TENSIONED CABLE

IMPACT HEAD- LATERAL - UNFILTERED
100 i3 :

So HIGHEST 50 M3, AVG.
‘(B 9.56'S
- o P b - ]
© - : WW - T
= -50 .
9 oL
5 leo ) 0100 0.200 0300 0.400
e
W
-
.
8 | HEAD-VERTICAL-UNFILTERED
< oo CH. 3

50

HIGHEST 50 MS. AVG,

! 13 6'S
0 ” i . S

-50

~100

0 0100 0.200 0300 0.400
TIME AFTER IMPACT, (SECONDS)
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DUMMY LAP BELT LOAD VS TIME

Figure IIA;

B {ECAST TYPE 50V’ 1A

WITH TENSIONED CABLE

SEGMENT/BARRIER [CABLE TENSION,LBS]
TEST | "7 LENGTMFT. . | ANCHORAGE BEFORE_IMPACT
. |3/4" POLYSTYRENE
.o 1,330 12.5/125 PAD (CONT]NUOUS} 16,210 (AVG)
33z’ 267126 O \" HORTAR BED 4,680
IMPACT ALL DATA UNFILTERED TEST 331
46801bs.
CH.9 paarralil
25°
[¢] o 0.100 0.200 0.300 0.400
' TEST 332
. L 4600 lbs.
cH.S TSR s |
e 25

. [ 1\
&L___,/J

S .G.100 ' 0.200 0.300 0.400

TIME AFTER IMPAGT, (SECONDS)
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Figure I2A, BARRIER OEFLECTION VS TIME™

“TEST 331, 4680 |b. VEHICLE, 63 mph.,25*
"PRECAST TYPE 50V CONCRETE MEDIAN BARRIER
WITH TENSIONED CABLE

ALL DATA UNFILTERED *
HOUSTON DEFLECTION POTENTICMETERS

-
IMPACT €' UPSTREAM FROM IMPACT POINT-TOP
) cHE UPPER L|I[II1' GF POTENTIOMETER L
{"EICEEDEH 5 0448 SEC. &
" ) - o [
3
" 0 olon 0200 0300 0.400 0.500 0600 o700
. UPPER LIMIT OF POTENTIOMEYER
2 6' UPSTREAM FROM IMPACT POINT-BOTTOM EXCEEPED @ O626 -~ o
CH.10 - L
. .
3 r .
& oy ot b / BB
3 /
- 0 6100 0200 0300 0.400 0500 0600 0700
=z
[a]
= 4.5' DOWNSTREAM FROM IMPACT POINT-TOP
(&) CH.I UPPER LIMIT OF POTENTIOMETER
L /7 ENCEEDED @ oIz SEC
A [
™R /
w
[a] s /
M —_
° o 505 5200 0300 0400 G500
" 4.5' DOWNSTREAM FROM |MPACT POINT-BOTTOM
CHIZ  yPPER LIMITOF POTENTIOMETER
EXCEEDED {0 162 SEC. )V
& I//
H //
- ° [} o100 0.200 0.300 0.400 0500

'3
TOP = 6" DOWN FROM TOP OF SARRIEA

TIME AFTER IMPACT, {SECONDS)

BOTTOM = 2-1/2° LUP FROM BOTTOM CF SARRIER
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DEFLECTION, IN.

" IMPACT

Figure I3A, BARRIER DEFLECTION VS TIME

TEST 332, 4600 Ib. VEHICLE, 60 mph.,25°

PRECAST TYPE 50V CONGRETE MEDIAN BARRIER

WITH TENSIONED CABLE
-ALL DATA-UNFILTERED

C HOUSTON DEFLECTION POTENTIOMETERS™

TIME AFTER IMPACT, l$ECONDS)
# ToP « 6" DOWN FROM TOP CF BARRIER
BOTTOM= 2-1/2" UP FROM BOTTOM OF BARRIER

60

12 0.2’ DOWNSTREAM FROM IMPACT POINT-TOIP
i CH.& ' UPPER LIMIT OF POTENTIOMETER
. i ( EXCEEDED @ 0.229 SEC.
4
-]
3 /
o ]
.0 0.100 0.200 0.300 0.400
12 - 0.2' DOWNSTREAM FROM IMPACT POINT ~BOTTOM
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a ~~ EXCEEDED (10.238 SEC.
. r
0
0 Q.100 0.200 0.300 0.400
10.7' DOWNSTREAM FROM IMPACT POINT-TOP
12 - T T
CH. 11 UPPER LIMIT OF POTENTIOMETER
- ({EXCEEDED @ 0.174 SEC.
0 0 0.100 0.200 0.300 0.400
. 10.7' DOWNSTREAM FROM IMPACT POINT-BOTTOM
12 CH.12 : T 1
) UPPER LIMIT OF POTENTIOMETER
g f EXCEEDED (® 0.130 SEC.
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Figure |4A, LOAD IN 3/4'@ \WRC CABLE VS IIME*

WITH TENSIONED CARLE
SEGMENT/BARRIER! CABLE TENSION,LGY
TEsy LERGTH,FT. ANCHORAGE BEFORE IMPACT
34" POLYSTYRENE
w0
» 1287128 17 MORTAR BED 890
k] . . .
o weacr ) - _ALL DATA UNFILTERED —  ypsTREAM CABLE JEST 331
) CH I3 46801bs’
&3mph
LY 5 ——— - - - - - -
a
I -
i
o | — U
(] 100 a200 0300 i 0400 o500 0.600 0.700 aBOO
8
o _— COWNSTREAM CABLE ~ TEST 331
il CH.16 " - r
*
o N K S L JR—
m
— 5 =
_—__!l—u__
. F—
. : P N
Q = o _
o,
O o S e [ U RV LA ————
W o olop 2200 0.30C 0400 0.500 0600 079 0BOO
. ) A R, —._EEgT332
B 4800 1
N EOmph
) 6l R P JRE—
B B
>
——— :i - : "
[ - b T
o o e I - .
a100 Q200 " B 0300 0400 0500 0.600 0700 0.800
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x
-
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Barrier Material SampTe.Tests*

Test 331
) _ . . _ N
1. Barrier Concrete Average fc @ 28 days = 5,780 psi
6 sacks/yd3 (Concrete over 28 days old on

test day)
2. 3/4 inch Expanded Polystyrene Density = 1.1 1bs/Ft3
| Y4ield Strength = 11.36 psi @

5% compression

3. Welded Wire Fabric " Complied with AASHTO M-32 and

4 x 4 -« W2.9 x W2.9 M-55
4, 3/4" Wire Rope, 6 x 19, Wire Rope broke at 55,000 1bs.
' IWRC and Swaged Fitting
Assembly
Test 332

1. 3/4" Wire Rope, 6 x 25, IWMRC Ultimate Load = 60,500 1bs.
and Swaged Fitting Assembly

2. Cement Mortar o Average f_ @ 28 days = 6,900 psi
4 1/2 gal H20/sk cement

*1 yd® = 0.765 m° 1 1b/7t% = 16.02 kg/m® 1 gal = 3.79 litre
T psi = 6.89 kPa 1 1bf = 4,45 N
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“Field Instailation

" ‘The maximum amount of barr1er 1nsta11ed in one day was 600 ft (183 m)

vy fastio.com

‘A permanent installation of precast CMB Type 50V 1250 feet (381 m)

1ong was placed on Route 17 1n Santa Cruz County in January, 1977.
The barrier segments used were identical to those shown on the

"plans in Figure 15A, except that each segment had two 2 ft (0.61 m)

long scuppers. The company which installed the test barrier for
Test 332 was the same one that put in this field installation.
Therefore, the 1nsta11at1on procedures for both were also close

to identical. B1d pr1ce on the barrier was $20.00 per lineal foot.

The cable was stressed in 250 ft (76.3 m) lengths. A crescent
wrench was used to stress the cable "wrench tight" to a point where
it became difficult to turn the wrench. It was erroneously thought
at that time that the cable, having been stretched about 3 3/4 in.
(95 mm) per 100 feet (30.5 m) of cable, would have a force of about
30,000 1bs (134 kN). However, the actual load was probably closer
to 7200 1bs (32.0 kN), assuming the cable had not been prestretched
and had an effective modulus of elasticity of 10.4 x 10° psi (71.7
GPa) and a metallic area of 0.222 square inches (143 mmz).

In Qctober, 1977“it was Tearned that the barrier had been hit and
had moved a féw inches. Several Caltrans engineers inspected the
barrier and observed the f011ow1ng. The barrier had been soundly
hit several times. V1rtua11y all the impacts occurred in the south-
bound .direction, and most were within a 200 ft (61 m) length of
barrier. Af that Tocation there were two 12 ft (3.7 m) wide south-
bound lanes of asphalt concrete paving headed downhill and curving
to the left on a 575 ft (175 m) rad1us. The median was about 6 ft
(1.8 m) w1de, Figure 16A, | '

v A Caltrans computer data bank revealed the barrier had been hit

six t1mes in the southbound d1rect1on between January and September,
1977. Eight of the 12. 5 ft (3 81 m) barr1er segments had broken
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loose from theif_hgbuf'ﬁgas.'vThé‘ﬁékfmumxlatefﬁﬁ defiéction at
one joint was four'incheSn(]U mm), Figure 17A. In at least one
accident the vehicle straddled the top of the barrier before
returning to the southbound lanes. The barrier segments were
fairly tight at the joints, which may have been due in part to

a tightening of the “arch" of the horizontal curveé as the segments
moved laterally to the east. At several of these tight joints
there was some cracking and spalling of the concrete. One Segment
had a crack at mid~1ength'running up the west face and part way
down the east face.

Due to the high localized accident frequency, the breaking of the
grout bond to the barrier segments, and the movement which had
already occurred, it was decided to :provide add1t1ona1 lateral
restraint for the barr1er. or replace it with a cont1nuous cast-
in-place or slipformed. CMB.“ '
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Figure 16A.
R

K,

" Type 50V Barrier, Rte. 17, Santa
- Cruz - County. " Looking Northerty.

- .

S B Figure 17A. Lateral Barrier Movement, Type
' 50V Barrier, Santa Cruz County.
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